The Anatomy and Pathology of Cervical Spondylosis
The term cervical spondylosis should be used for those, usually over 50, who' have degenerative changes in the cervical spine. These changes are often called spondylitic, but I prefer the term spondylosis as there is no pathological evidence of any inflammatory lesion.
Anatomy
Intervertebral disc: The intervertebral discs are interposed between the adjacent surfaces of the bodies of the vertebra; they are thicker in front than behind in the cervical region and this contributes to the normal cervical curve. It is loss of the normal structure of the disc that is one of the main causes of the alteration of the noriiial curve of the cervical spine in patients with cervical spondylosis. The discs are adherent by their surfaces to the layers of hyaline cartilage which cover the upper and under surfaces of the bodies of the vertebree, and they are also continuous with the anterior and posterior ligaments. The disc itself is composed of two main parts, the annulus fibrosus and the nucleus pulposus. The nucleus pulposus is a soft, pulpy, highly elastic substance which in younger people is under positive pressure. This pressure is normally about 32, but may increase to 100 lb/sq. in. on standing. Bull (1948) estimated that the nucleus pulposus -constituted about 15 % of the volume of the disc and that if a protrusion of the whole of the nucleus pulposus occurred such a protrusion would have a diameter of 0 7 cm and that this was the maximum size that could be extruded. From this it is clear that seldom if ever is the protrusion of the nucleus pulposus alone sufficient to cause compression of the spinal cord, although a lateral protrusion may easily compress the appropriate nerve root. Rupture of the annulus fibrosus may be sufficient to allow either a part or the whole of the nucleus pulposus to be extruded. Once it has been extruded the normal elasticity of the nucleus pulposus is lost and the pressure on the disc prevents the return of this extruded material. This is the reason why it is impossible for discs to 'slip in and out'.
The water content of the disc is highest in the new-born and decreases with age, being higher in the nucleus pulposus than in the annulus. The ratio of the water content of the annulus to that of the nucleus remains approximately the same until the fifth decade, when rapid loss occurs in the nucleus pulposus accompanied by degenerative changes; these lead to a reduction in height of the disc. The picture in cervical spondylosis is complicated by the fact that, in addition to the protrusion of the nucleus pulposus which may occur, there is osteophyte formation; these together make a much larger and more solid protrusion and therefore may cause cord as well as root compression.
The spinal canal: The cervical spine consists of seven cervical vertebra. Wolf et al. (1956) found that in normal adults the usual anteroposterior diameter of the spinal canal in C3-7 was 17 mm and they concluded that spinal cord compression was likely to occur only if the figure was 10 mm or less. Spondylotic changes reduce the size of the canal but it follows that myelopathy is more likely to occur when the original dimensions are smaller than normal. The spinal nerves: These leave the spinal canal through the intervertebral foramina. They are covered by a sheath of dura, the dural root pouch, as they leave the spinal canal. At the bottom of the root pouch there are two openings, the dural root ostia, and each root ostium leads into an individual root sleeve. Normally the intraradicular nerve occupies about one-quarter of the foramen. If spondylosis is present the size of the foramen may be much reduced and as adhesions may occur later in life the nerves become relatively fixed and therefore they are more liable to damage.
Pathology
Intervertebral disc: Two main types of disc protrusion may occur, nuclear herniation and annular protrusion. In nuclear herniation a circumscribed mass is formed by the extrusion of nuclear material through a tear of the annulus fibrosus. This is usually the result of strain put upon the annulus fibrosus by excessive movement of the neck following injury. This is a traumatic lesion and is most commonly found in young people. In a few patients there may be pre-existing weakness of the annulus fibrosus and symptoms may develop without the neck being subjected to any unusual stresses or strains. Annularprotrusion is the more common type of disc protrusion and occurs in middle-aged and elderly people. During ageing the intervertebral disc becomes dehydrated and loses its elasticity; as a result of this it collapses and the annulus bulges in all directions. These bulges may arise at any point and are most likely to occur if there is any weakness in the fibres of the annulus. The bulging may be central, lateral, or anterolateral, or there may be a combination of any of these. If the lesion is central signs of cord compression are most likely to occur, while lateral lesions will give signs of root compression; or there may be a combination of root and cord signs. The protruded material later becomes vascularized, the amount of fibrous material increases and later it may calcify. Reactive changes may occur in the body of adjacent vertebra and osteophytes are formed which tend to fuse with the prolapsed material. Sclerosis of the body of the vertebrw is found. In addition to the protrusions collapse of the disc may result in subluxation of the corresponding intervertebral joints with secondary osteophyte formations on the articular processes leading to further narrowing of the foramina. The spondylotic changes may occur at one or more joints in the cervical spine or may be part of a process involving the whole spine. The lesions are single in only about 20 % of patients.
I have done a full autopsy on 17 patients with cervical spondylosis (Wilkinson 1960). Of these 2 had single disc protrusions, 4 had two protrusions, 3 had three protrusions, 5 had four protrusions and 3 had five protrusions. Lesions corresponding to the disc between C5 and C6 were the most common, being present in 16 patients. The other levels commonly involved were C34 in 11 patients, CA-5 in 12 patients and C6-7 in 9 patients. The disc between C2 and C3 was involved only to a slight degree in 4 patients and that between C7 and T I in two patients. Where the protrusions were multiple one was often larger than the rest.
The degenerated disc tissue bulges between the anterior and lateral margins of adjacent vertebra because, through forward tilting of these vertebra, pressure is exerted on the anterior part of the disc. Forward protrusions in the middle line are probably limited normally by the anterior common ligament, but at either side of this ligament the periosteum may become elevated and in the area of periosteal elevation new bone is ultimately formed. Similar but usually less marked changes occur posteriorly. The later protrusions, although smaller and less obvious radiologically, have a much greater clinical importance because of their intimate relation to the spinal cord and nerve roots. The osteophytes are formed of new periosteal bone laid down outside the corticalis of the vertebral bodies. It is at first coarsely trabeculated or compact but may later become cancellous.
Nerve root compression: The two types of disc lesion which may cause pressure on the radicular nerve or nerve roots are: (1) A dorsolateral protrusion which does not invade the intervertebral foramen but may compress the intrameningeal nerve roots against the vertebral lamine. (2) An intraforaminal protrusion which comes from the uncinate part of the disc and compresses the radicular nerve against the articular process. The extent of root compression is related to the angulation of the radicular nerve and its situation in the foramen as well as to the size and position of the protrusion. Marginal lipping and narrowing of the disc leads to secondary osteophyte formation of the articular processes which causes narrowing of the foramen posterolaterally. Frykholm (1951) has described the pathological changes which may occur in root-sheath fibrosis. The changes are thickening and opacity of the dural root sheath, narrowing or abolition of the dural tunnel, sharpening of the upper and lower dural-radicular junction, which may cause a distinct constriction or notching of the radicular nerve, thickening of the dura at the root ostia and occasionally thickening of the intraradicular septum. These changes may result in a constricting ring of fibrous tissue around each nerve root and thickening and fibrosis of the arachnoid membrane in the neighbourhood of the root ostium.
Compression of the spinal cord: The pathogenesis of the myelopathy found in cervical spondylosis is complex and there are a number of factors con-cerned. Most important of these are compression of the spinal cord by one or more protruded discs, trauma and interference with the blood supply. Interference with the blood supply may be temporary or permanent. When a spondylotic boss or bar is present the anteroposterior diameter of the cervical canal is diminished. The cervical cord itself is oval in cross-section and the cervical canal is roughly triangular. There is therefore much less likelihood of the cord being compressed in the lateral direction than in the anteroposterior one, and when it is compressed in the anteroposterior direction the anterolateral recesses may remain open and serve as a pathway for the flow of the cerebrospinal fluid. The neck is in constant movement throughout waking life, and considerable movements still occur in a spine which is the site of severe spondylosis, especially if heavy work is being done. In early life the cord lies freely in the cervical canal but the adhesions of the dura to the posterior longitudinal ligament which may occur in later life tend to render the cord less mobile. Root-sleeve fibrosis also may anchor the nerve roots in the intervertebral foramen. The limited mobility of the cord in cervical spondylosis adds to the traumatic effect of repeated movements of the neck, especially if the cord is already compressed by disc protrusion. Although most patients with cervical spondylosis may have signs of nerve root compression only, spondylotic myelopathy is one of the commonest diseases of the spinal cord found in middle-aged and elderly people, and it is well known that the majority of people over the age of 50 show some changes of spondylosis in their cervical spine. If an autopsy is performed on a patient with spondylotic myelopathy, the cord is found to be flattened, the extent and size of the abnormality corresponding to the distribution and size of the bosses and bars on the posterior aspect of the vertebral column. At the site of the lesion there may be nerve cell damage and loss and occasionally marked cavitation. Cephalad to the damaged segment there is degeneration in the posterior columns and caudad to the lesion there is degeneration in the lateral columns. Thrombosis or other lesions of the anterior spinal artery were not found in my series. Striking features found were the thickening of the dura and its adhesion to the surrounding tissues; this was most marked when laminectomy had been done.
The effects of trauma: The most common injury to the cervical spine is one in which the cervical spine is hyperextended. This type of injury may occur when a patient falls downstairs, has a car accident or receives a blow on the head. Forcible extension may cause rupture of the anterior longitudinal ligament and where this occurs the upper vertebra may slide back on the lower one causing crushing of the cord. If cervical spondylosis is present the effect of the injury is accentuated because where a spondylotic boss or bar is present the anteroposterior diameter of the cervical canal is narrowed and the cord may be compressed. In these patients the dura is usually adherent to the surrounding bone and root-sleeve fibrosis is also often present. These last two changes mean that the cord is firmly anchored in the cervical canal and therefore the liability to contusion is increased. If the injury is not very severe the lesion may be limited to one or more roots but if it is severe and there is marked spondylosis the injury will be to the cord as well. Even when there is no marked bony displacement the injury may be so severe that there is pulping of the cord.
The effect of trauma is usually to accentuate the already existing symptoms or to precipitate the onset of new ones. Major fractures of the cervical vertebrae are usually either crush fractures of one or more vertebral bodies or fracture dislocations with avulsion or comminution of the vertebral bodies, dislocation of the posterior articulations or fractures of the articular processes. Bone fractures more easily than the intervertebral disc but rupture of the disc frequently complicates a fracture dislocation, the nucleus pulposus escaping through the damaged endplate and forcing its way between the fragments of the shattered bone. In major injuries the spinal cord may be grossly disorganized, crushed or kinked. Spinal compression may occur even when there is little or no displacement of the vertebral axis from hemorrhage or cedema. Where the injury is in flexion there may be rupture of all the ligaments and the upper vertebra tends to slip forward on the lower causing compression of the cord. Minor fractures of the spine or transverse process may be sustained without dislocation of the vertebral column. Minor injuries are important in cervical spondylosis if there is a knob or transverse bar sufficient to cause contusion of the cord. In most cases the prognosis is good but where there has been damage to the substance of the cord relatively little improvement will occur.
The changes occurring in spondylosis are of such a degree and severity that they are unlikely to be reversible, and here I want to make a distinction between the treatment of a patient with an acute intervertebral disc lesion and that of a patient with cervical spondylosis. As the changes in spondylosis consist of protrusions and herniations of the disc with secondary osteophyte formation, it will be obvious that traction in these patients cannot replace the disc in its original position. In patients with posterior protrusions traction may be. harmful. In extension, the position which the cervical spine tends to occupy when traction is being applied, the anteroposterior diameter of the cervical canal tends to be diminished. This in itself may be sufficient to cause cord compression if there is already narrowing of the cervical canal. The vertebral artery runs up through the cervical canal in the lateral processes of the cervical vertebra and this may be compressed by lateral protrusions of the disc. If this is so, turning the head or forcible extension may be sufficient to cause interruption of the blood flow to the posterior part of the brain. I have one patient who developed a hemianopic field defect immediately after neck traction. My feeling is, therefore, that although traction may be helpful in acute disc lesions, it should play very little part in the treatment of patients with well-established spondylosis as it is unlikely to do very much good and may even cause a great deal of harm.
Mr George Bonney (St Mary's Hospital, London)
Cervical Spondylarthrosis: Orthopaedic Aspects The effects of degenerative arthritis of the cervical spine are usually troublesome and often serious. In order of frequency of occurrence they are pain, compression of cervical nerve roots, compression of the spinal cord and compression of the vertebral artery. This contribution deals with the first and third of these aspects.
Pain
The pain of cervical spondylarthrosis either arises acutely or persists chronically. It is felt in the neck, in the upper limbs and in the head. It is not, however, necessary to postulate direct irritation of cervical nerve roots as a cause of pain in all or even in most cases. The pain probably arises from the degenerate interfacetal jointsor from their capsulesor from irritation of the sensitive dural sheath of the emerging nerve root. It must, however, be accepted that the degenerative sclerotic and proliferative bone changes seen in radiographs are not the immediate cause of the pain. It is quite plain that these changes may be present in a neck for years without producing symptoms.
Patients are often seen in whom pain has newly arisen after minor injury to the neck, but in whom the radiograph shows changes which quite clearly must have been present for many years. This precipitation of symptoms by minor injury or even by external cold or long maintenance of a forced position may be caused by the production of changes in the interfacetal joints similar to those seen in peripheral joints. Possibly degenerate articular cartilage is shed into the joint and causes effusion, synovitis and capsular irritation. Possibly cold and trauma produce molecular changes leading directly to these events. Certainly such an occurrence could well explain the onset of local pain and of truly referred pain.
In those cases in which the pain is of rather acute onset and is specially exacerbated by coughing it may perhaps be considered that there is irritation of the dural sleeve. It is well known that stimulation of this sleeve produces pain; such pain caused by pressure from a swollen joint would certainly be increased by any action producing increase of intradural pressure.
Response ofpain to treatment: Just as the causation of pain requires further investigation, so does its response to treatment. Certainly many patients with chronic or acute pain associated with cervical spondylarthrosis obtain instant relieffrom a single manipulation under anasthesia. It is difficult to avoid the conclusion that in such cases manipulation has actually put something back into place or caused a movement such as to alter the relation of the dural sleeve to a swollen joint. Those who have seen at operation the tough fibro-osseous masses that arise in relation to a degenerate intervertebral disc will not, however, concede that replacement of this mass by manipulation is possible. Again, it must be admitted that manipulation under anesthesia is not without its dangers. In general, the more cautious methods of osteopathic manipulation with adjuvant measures of heat and support will be preferred. Operation fbr pain: In a small proportion of cases conservative measures fail. In such cases, and when persistent pain can with reasonable certainty be traced to an origin at a definite level, cervical spinal fusion offers a good chance of lasting relief. The development of methods of fusion by an anterior approach has simplified the operation, made treatment after operation much easier and greatly improved results. There is likely to be a great increase in the use of these methods for the relief of intractable pain. There may even for a time be an over-use, but the operation is likely to remain a permanent contribution to the surgery of cervical spondylarthrosis.
